Escherichia coli has two distinct genes for lysyl-tRNA synthetase (LysRS), lysS and lysU, which is a rare exception to the rule of one synthetase per amino acid (8, 33 ; for a review, see reference 25) . The two proteins have identical aminoacylation activities in vitro, so a rationale for this exception is not immediately obvious. The lysS gene is expressed constitutively under all measured growth conditions (13, 15) . On the other hand, the lysU gene is normally silent at low temperatures. It is only expressed during growth at high temperatures, at a low external pH, or in the presence of certain metabolites such as L-alanine and L-leucine (1, 13, 14, 16) . Recent studies have shed light on the control mechanism of lysU expression. For example, the leucine-responsive regulatory protein (Lrp), which controls the leucine regulon, also functions as a primary effector of lysU expression (9, 19, 23) . However, it is not known how other stimuli induce lysU expression. Heat shock regulation of lysU expression eludes conventional reasoning, since thermoregulation of 1ysU appears to be independent of the heat shock factor a 2 and is distinct from Lrp-mediated regulation (19, 25) .
Isolation of a novel class of lysU-constitutive mutants.
Disruption of the lysS gene by insertion of a chloramphenicol acetyltransferase gene, lysS ::Cmr, confers cold-sensitive growth to the cells because of the lack of expression of lysU at temperatures of <30'C (20) . To study the mechanism of lysU expression, we have used the lysSl null mutant to select and characterize bypass mutations called als (abandonment of lysS) that derepressed lysU expression at 230C and enabled the mutant cells to grow at low temperatures (20) . 56) , showing that they are located at 27 min on the E. coli chromosome (Fig. 1) .
The level of lysU expression was examined in MC4100 als mutants (19) by using a lysU-lacZ gene fusion carried on a X prophage, XfRM460 (19) . The gene fusion in XfRM460 contains a 2.7-kb piece of the 5'-flanking sequence and the first 1,296 coding nucleotides of lysU and was capable of synthesizing P-galactosidase in response to several inducers and environmental stimuli including thermoshift (19) . The data showed an increase in the lysU-lacZ level of ca. 2.5-fold compared with that of the wild type in log-phase cultures at 280C (Fig. 2 , samples 1 and 2). Northern (RNA) blot analysis of lysU mRNA in the als mutants confirmed these results (data not shown). The degree of derepression of lysU in these als mutants became more evident on entry of the culture into stationary phase (data not shown).
Complementation of als mutations by the hns gene. The gene hns, encoding a protein called H-NS, maps to 27 min on the E. coli chromosome (10, 18 ; for a review, see reference 11). H-NS is the small (15.6-kDa), abundant, histone-like protein, previously purified as a major component of bacterial chromatin (11) . To test whether the als-79 and als-81 mutations affect hns, we first examined the cotransduction frequency between these alleles and an hns deletion mutation tagged with a kanamycin resistance marker, Ahns::Kmr (35). P1 phage was grown on strains RM619 (als-79::ATnJO) and RM620 (als-81:: ATnJO) and used to infect to the Ahns::Kmr strain, selecting for Tcr colonies. None of the Tcr transductants (O of 200) was resistant to kanamycin, indicating that the als alleles are located at or near the hns gene.
Secondly, the plasmid pGY3 carrying a 0.95-kb EcoRIHindIII DNA fragment that encodes only the wild-type hns gene (a derivative of pKT02 [34] ) ( Fig. 1 ) was transformed into strains RM619 and RM620. Ampicillin-resistant (Apr) transformants selected at 42°C failed to grow at temperatures of <30'C (complementation [ (27, 30) . However, recent studies have disclosed that H-NS binds preferentially to curved DNA (34) . The 5'-flanking sequence of lysU contains short dA-dT stretches in a relatively periodic arrangement which mimics potential motifs of bent DNA (22) . Expression of the lysU-lacZ gene fusion upon temperature shift. Isogenic hns+ and hns null strains lysogenic for XfRM460 were grown in LB medium at 28°C (samples 1 through 3) or exposed to 42°C for 60 min after exponential growth at 32°C (samples 4 through 6). Samples were assayed for 3-galactosidase activities as previously described (19) . Experiments were done independently at least four times, and the values were expressed as Miller units (24) (Fig. 3, lanes 8 and 9) , whereas the same amount of noncurved DNA did not (Fig. 3, lanes 6 and 7) , showing that H-NS does not bind DNA nonspecifically under these experimental conditions. These results indicated that H-NS binds relatively specifically to a probably bent DNA region of lysU. The H-NS dose dependency for lysU DNA binding (Fig. 3 (Fig. 2) . (27, 30) , recent genetic studies have revealed that mutations in the hns gene exhibit relatively specific phenotypes (11) . In fact, mutations altering expression of some unlinked genes, i.e., bglY (4), cur (7) , pilG (31), osmZ (12) , and virR (17) , have been identified or are very likely to affect H-NS activity (10, 11, 18) . This study revealed that lysU expression is specifically derepressed by hns mutations. Thus, H-NS does not seem to be restricted to a purely structural role but appears to influence gene expression, probably through the maintenance of DNA topology.
The work presented here demonstrated that thermoregulation of lysU is controlled at least in part by H-NS. This finding is consistent with the notion that lysU has some heat shock regulation but is independent of a32 (for a review, see reference 25) . There is increasing evidence that DNA topology in bacterial cells changes in response to environmental signals such as osmolarity, anaerobicity, temperature, and nutrient status, and these alterations involve H-NS activity (11) . For instance, transcription of a regulatory cistron, papI, in the pilus-adhesin gene cluster of uropathogenic E. coli strains is thermoregulated by a silencer action of H-NS (10) 
